Fish and fish-related products are among the most highly traded commodities globally and the proportion of globally harvested fish that is internationally traded has steadily risen over time. Views on the benefits of international seafood trade diverge, partly as a result from adopting either an aggregate national focus or a focus on local market actors. However, both views generally assume that the trade in question is characterized by export of fisheries resources to international markets. This is potentially misleading as empirical evidence suggests that import of seafood can also have impacts on local SSF dynamics. A systematic analysis of the different ways in which local production systems connect to international seafood markets can therefore help shed more light on why small-scale fisheries exhibit such differences in outcomes as they engage in an increasingly global seafood trade. This paper conducts a synthesis across 24 cases from around the world and develops a typology of small-scale fisheries and how they connect to and interact with international seafood trade. The analysis is based on key features drawn from trade theory regarding how trade interacts with local production. The implications of the findings for social and ecological sustainability of small-scale fisheries are discussed with the aim of identifying further research topics which deserve attention to better inform trade policy for more sustainable fisheries and more just wealth distribution from their trade.
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Introduction
Fish and fish-related products are the most highly traded food items globally [1, 2] and the proportion of globally harvested fish that is internationally traded has steadily risen from 25% (8 million tonnes) in 1976 to 37% (58 million tonnes) in 2012. Simultaneously, world exports of fish and fishery products has grown significantly in value terms, rising from $62 billion in 2002 to over $129 billion in 2011 [1] . Reasons behind this development are many, including globalization of fish processing through reduced international transport costs, and evolving consumer consumption patterns. Another key driver is the rising demand for seafood in developed and transitional economies, coupled with declining ability to meet that demand due to depletion and/or restrictive management of fish stocks and restrictions on aquaculture development in those countries. This has led to a global search among seafood suppliers for new sources to supply globally distributed markets [3] . Understanding the distributional benefits of seafood trade is critical for economic development, poverty alleviation and food security, but to date the debate has tended to focus primarily on the aggregate economic benefits and their distribution [4, 5] , giving little insight into the highly variable dynamics or pathways by which small-scale fisheries (from hereon SSF) connect to and thus interact with international trade.
The study of marine resource trade has a long history, yet the links between seafood trade and human development and food security have only recently begun to be carefully examined (for a review of the historical debate see [4, 6] . This has led to a realization that the link between seafood trade and human development and food security is far from simple. Rather, context specific conditions appear to often determine outcomes of international trade at the scale of local fisheries systems [2, 3, 5, 7] . This is also evident in other commodity production systems such as aquaculture, agriculture and forestry [8] [9] [10] [11] [12] .
Two dominant frameworks have emerged out of efforts to understand the relationship between seafood trade and economic development -one in favor of trade as a means to secure economic development (e.g. [13, 14] , the other more skeptical about the benefits of international trade and advocating a focus on human wellbeing, food security and ecosystem health [2, [15] [16] [17] [18] [19] . A growing body of work is also focusing on the diverse factors determining local level outcomes of international seafood trade [3] [4] [5] [6] 13, 20, 21] . However, the debate on trade as good or bad for development and the environment generally assumes that the trade in question is characterized by export of fisheries resources to international markets. This is potentially misleading as empirical evidence suggests that import of seafood can also have impacts on local SSF dynamics [5, 20] .
A systematic analysis of the different ways in which local production systems connect to international seafood markets can help shed more light on why we see such differential outcomes in SSF as they engage in an increasingly global seafood trade. While recognizing that each encounter between a SSF and global markets will differ, this paper uses a range of case studies, from around the world, to develop a proposed typology of these dynamics. The intent is to move the focus beyond the polarized debate of positive or negative effects of seafood trade to embrace the range and complexity in how SSF interact with this trade. This paper hopes to be a first step in providing a means for those with power to shape patterns of trade in the sector to evaluate the likely consequences of a policy stance that promotes global market integration or seeks to 'protect' fishing communities and their network of existing client-consumers from exposure to the global market.
The paper begins by elaborating on some features of interest when examining how trade interacts with local production, drawing on literature from the fields of trade dynamics, and using examples from fisheries and forestry (Fig. 1) . Next a systematic analysis of cases is conducted based on these key features to examine if patterns can be identified in how SSF connect to and interact with international seafood trade. Summarizing the findings an emerging typology of SSF-trade interaction dynamics and associated outcomes is presented. This typology, and the implications of it for the social and ecological sustainability of SSF, is discussed in the context of current policy debates. Avenues for further research on the interplay between SSF and trade are also identified.
Dynamics of international trade -a look at theory
Multiple factors drive international trade, including differences across countries and regions in terms of technologies, resource endowments, preferences, institutions, market structures etc. [24] , but over the years the weight that trade theory has given to these (individually or in combination) has shifted. Below this theoretical evolution is briefly summarized, highlighting key features emerging as important in determining international trade development and structure, and linking these to observable characteristics of international seafood trade. This is done to distill a set of key features of trade theory to be used for further analyzing the interaction dynamics between SSF and international seafood trade.
The neoclassical trade theory which dominated thinking for most of the 20th century focused heavily on the notion of comparative advantage [22, 24] . Simply put, comparative advantage embodies the idea that countries or regions import goods which they are (relatively) poor at producing and export those which they excel at producing. While modified over time, the basic idea still holds and is generally observable in fisheries trade: countries endowed with rich fisheries resources exploit their resources and trade them on international markets [1] . After WWII, attention shifted from comparative advantage to economies of scale and models of monopolistic competition see [23, 24] for an overview of trade development theory. Monopolistic competition is a type of imperfect competition where producers sell products that are differentiated from each other and therefore cannot be considered perfect substitutes [25] . This is frequently observed in seafood trade, as products are often differentiated between producers, such as Alaska versus Scottish salmon, and between wild versus farmed products. Eco-labeling and other forms of certification are another form of differentiation. Differentiation in the fisheries sector is generally associated with various forms of tariffs which increase as a product becomes more refined and/or differentiated, creating asymmetries in economic gain from seafood trade between countries exporting primarily raw material and those exporting differentiated and refined products. These tariffs, along with market-based approaches, such as eco-certification, rules of origin and hygiene standards (all representing examples of differentiation), can be important tools for shifting fishing industry behavior, but can also function as a direct trade barrier for countries (i.e. mostly developing nations) who cannot afford to pay the costs associated with compliance measures of these schemes [26, 27] .
Two ideas relating to differentiation represented major advances in trade theory and these are relevant for understanding which features to examine when attempting to analyze seafood trade dynamics and its impacts. First, commodities differentiation was a major leap in explaining and understanding the structure of world trade because it helped explain why similarly endowed countries (with equivalent capital/labor ratios) trade with each other when theory predicts that trade should not take place due to similar factor endowments [24] . The theory of differentiated products also explains why the richest countries in the world trade more with each other than with developing countries who would seem to have the comparative advantage of lower labor costs. [23, 24] . Second, much of the neoclassical approach to trade was based on the assumption that all individuals and countries respond to trade incentives in similar ways. Today it is accepted that foreign trade will invariably benefit some and harm others [24, 28, 29] but the effects of this are still poorly understood. As Helpman (2011:148) notes, "product differentiation and firm heterogeneity introduce new channels of gains from trade but the extent of these gains is highly uncertain".
In the early 2000s the effects of differentiation were further explored by [30] to capture observations that firms differ substantially in productivity and engagement in foreign trade [31] [32] [33] . This new research, with a focus on firm heterogeneity, predicted that firms who enjoy a relatively high productivity before the opening up of a market will be more able to profit from the new exporting opportunities presented by trade liberalization. These firms are more likely to engage in export while continuing to supply products for the domestic market. Firms with a lower relative productivity are unlikely to be able to support the extra costs of entering the export market and will continue to supply only domestic consumers. Trade liberalization means that foreign competition is allowed to enter the domestic market. This increased competition will therefore, theoretically, force the smallest firms, and those with the lowest productivity to exit the business [30, 32] . From a fisheries perspective this means that while overall product output from the fisheries sector may rise [24] the competition resulting from trade liberalization can also be detrimental for small-scale producers, their employment and social welfare [13, 34, 35] . The ease with which labor can flow in and out of a sector (often termed labor market friction) is also instrumental for understanding the effects of trade liberalization on small-scale producers in the differentiated product market sector. If labor mobility is high this should reduce the cost of hiring, making the sector more productive on the world market [24, 25] . However, for fisheries livelihoods, where people may be unable or unwilling to change occupation due to low skills, sunken costs or other sociocultural barriers [36] mobility is likely to be low and to affect competitiveness, particularly in settings with low alternative employment opportunities.
In recent decades, foreign investment has also come to play an increasingly important role in determining how international markets interact with local production systems. Investment by exporting companies in local supply sources may benefit local producers, while foreign investment by international companies sourcing in other countries may introduce new competition, but also new opportunities, in those areas (see [24] for review). However, studies have shown that foreign direct investment (FDI) in resource rich countries often do not generate the many positive spill-over effects (e.g. technology transfer, job creation) otherwise often associated with FDI [37] . In a fisheries context this means that understanding how foreign investment is deployed in relation to SSF can be critical in understanding how the local system interacts with international trade.
The multiple strands of trade theory briefly reviewed here can help shed light on the dynamics of SSF-international trade interactions. The following section outlines how a few key features derived from this review were used for analysis of a sample of SSF from around the world.
Methodology

Key features of international trade and their importance for SSFtrade interaction dynamics
Based on the brief review of trade theory above four key features emerge as highly relevant for understanding of how international trade interacts with local production (export, import, trade barriers and foreign investment). These provide a theoretically grounded base on which to base the subsequent analysis of SSF-international trade interactions to (1) understand the interaction dynamics and (2) identify any patterns of these dynamics across cases (Fig. 1 ). Below follows a brief elaboration on how each can be interpreted in the fisheries sector and how it was conceptualized for interpretation across cases.
In terms of international seafood trade fish can either flow into, or out of, a fisheries system. The direction of fish flow is therefore a critical determinant of the interaction dynamics of a particular fishery with international trade. Relating back to the theory above export of fish suggests a SSF will exhibit differentiation in the gains from international trade across the actors involved in the fishery [30, 32] , such that larger and more productive producers will gain from trade while smaller producers often lose out. In the context of SSF large producers are represented by industrial (or semi-industrial operations) [38] .On the other hand, import of fish or fisheries products would be theoretically predicted to increase competition among actors in the fishery with potentially negative impacts on income, and traditional fishing modes as well as unequal wealth distribution in the fisheries due to primarily price pressures [24, 33] . Fisheries scholars have drawn attention to the latter [39] but a systematic assessment of it in relation to other trade interaction dynamics is still lacking. Each case fishery was therefore examined with regard to the direction of fish flow (import/export) represented by the dominant trade dynamic.
Trade barriers and restricted market access can prevent SSF, particularly in less developed nations, from developing industries based on refined products rather than simply supplying raw material for processing overseas [27] , see also, [40] for comparison with forest products but the relative benefits of upgrading in the fisheries commodity chain and the effects on fisheries sustainability is hotly debated [41, 42] and thus warrants more examination. Each case was therefore evaluated based on the degree to which trade barriers and reduced market access appeared to play a significant role in how the case fishery connected to international markets.
Foreign investment interacts with commodity trade in complex ways. Identifying patterns in how it may determine the way SSF interact with international seafood trade is therefore pertinent. Here the analysis examined signs of the type of foreign investments made in the case fishery system as well as how this(ese) investment(s) were likely to have affected the way in which the SSF interacted with global the international seafood trade.
Identification, selection and coding of cases
Cases were identified, selected and coded in a two-stage process.
Step one consisted of a literature search, carried out in Google Scholar and ISI Web of Knowledge based on a set of key word combinations (Table A1 ). All abstracts were assessed for relevance to the analysis. Cases were included on the basis of three criteria; (1) a case had to describe one (or several) small scale fisheries that in some way are (directly or indirectly) connected to an international seafood market; (2) a case had to describe key aspects of how the small-scale fishery interacted with the international seafood trade; (3) a case had to examine (to some degree) both social and ecological aspects of the small-scale fisheries systems at a regional/local geographical scale. Small-scale fisheries were defined as "traditional fisheries using relatively small amount of capital and energy, relatively small fishing vessels, but varying from gleaning or a one-man canoe in poor developing countries, to more than 20-m. trawlers, seiners, or long-liners in developed ones [38] .
Cases which lacked sufficient information on the background and evolution of the fishery and related trade, the principal ways in which the local fishery engaged with international trade, or on changes in the environment, socio-economic conditions and institutions were discarded. For detailed description of case identification procedures, see Appendix A. A total of 24 cases were included for analysis (Fig. 2 ) and 31 papers were included for coding in step two. A full list of cases, including supporting papers coded for each case, is found in Table A2 .
Step two involved coding of all papers remaining after the selection process. First coding was done with respect to the key features of international trade outlined above. Based on the existence of these features the overall dynamics of each case were qualitatively evaluated and compared to discern any pattern in how individual SSF interact with international seafood trade.
Second, each case was coded for local level outcomes related to the international trade of the particular seafood in focus. Outcomes refer to effects, observed at the level of a local SSF, and inferred by the case authors as a consequence of the observed connectivity to international seafood trade. This second coding procedure was iterative in nature such that new codes were added as they appeared in the cases. After all cases had been coded once the list of codes was reviewed and very similar codes consolidated. All cases were then coded once again based on the finalized code list. This final list of codes included; trends of declining, sustained or increasing fish stocks, trends of destructive fishing practices (often associated with collateral damage on habitats/coral reefs), trends in employment opportunities in fisheries sector, trends in conflicts occurrence among fisheries actors, levels of debt among fishers, local food insecurity/Food security impacts negative through prices, trends in fishing production costs, trends in income/profits among fishers, trends in health issues associated with fishing, general assessment of poverty alleviation impact of fish trade (as assessed by case authors). All coding was done using Atlas.ti qualitative data analysis software. For a more detailed description of the indicators used in the coding of outcomes please refer to Table A3 (Appendix A).
Results
An emerging typology of how SSF interact with international seafood trade
A systematic examination and comparison of cases with regard to key features of international trade reveals how several of these features co-exist and interact resulting in complex dynamics of interaction between global seafood markets and SSF. On the basis of this pattern a typology comprised of three distinct types of SSFtrade interaction dynamics -'Market export', 'Market competition', and 'Market spillover' is proposed (Fig. 3) .
Type 1: Market export
'Market export' represents a type in which dynamics are dominated by the direct export of a SSF product for the international market. In 18 of the 24 reviewed cases (75%) seafood export was the primary mode of interaction with international seafood trade. In some cases the opportunity to export locally harvested fish occurred specifically in conjunction with liberalization policies, such as the loco fishery in Chile and the Nile perch fishery in Lake Victoria [43] [44] [45] . For many developing nations trade liberalization has been a condition for receiving foreign aid [43] and local fisheries have thus become exposed to international trade as a consequence of aid policies. In other cases the connection to the international market appeared independent of liberalization when market actors arrived in search of new source fisheries to supply existing and/or growing foreign markets (e.g. all the sea cucumber and live reef fish trade (LRFT) fisheries covered here) c.f. [46] .
Foreign investment plays a key role in the 'Market export' dynamics by fueling investment in extractive technologies and/or processing capacity, and thus potentially contributing to an increase in scale and speed of exploitation of fisheries resources. The live reef fish fisheries in Indonesia, Malaysia and the Philippines reviewed here are a good example. These fisheries generally exhibit a two-phase progression [47] . First, large foreign-owned or joint venture purpose-built live reef fish catcher vessels employing non-local fishers, and using cyanide as the main catch strategy appear. These operations are characterized by relatively high overheads. Thus, they target the highest value fish and require large volumes of fish to be profitable. The high fishing pressure and the systematic use of cyanide to remove the target species result in significant overfishing of the target fish and usually collateral damage to the reefs. As populations of the highest value fish dwindle, the vessels move on to new areas. With the departure of the more capital-intensive operators, the second phase usually involves small-to medium-scale operators, often local business persons, taking over [47] .
In summary, the 'Market export' type is characterized by an initial profitability driven by high demand from international markets [48] . This results in increased incentives to exploit and often attracts new fishers into the fishery. In some cases, especially where institutional capacity is low, this leads to overexploitation (e.g. in the Chilean case of loco fishery before the new Fisheries Law (Chile loco pre FAL), Maine sea urchin, Belize conch and lobster, most LRFT and sea cucumber fisheries with Australia as a notable exception) and the viability of the fishery may decline due to the resultant drop in catch per unit effort and mounting costs (Chile loco pre FAL and Lake Victoria) [16] . In some cases fishers substitute declining stocks of one species with new ones (e.g. Zanzibar sea cucumber) thus contributing to a pattern of sequential exploitation across species.
Kurien [5] and de Schutter [17] argue that under conditions of strong economic incentives from international trade opportunities, fish exports can also result in reduced availability of fish or seafood for local consumers. This is sometimes observed when food fish locally consumed is introduced to an export market, such as the Lake Victoria case (see also [49] . It can drive up prices for the same product on the local market indirectly impacting the prices of other fish that are dietary substitutes and complements in local consumption. If fish, or specific species of fish, are important for local food security and not easily substituted for economic, cultural or logistical reasons export can create negative effects on local and particularly poor populations, generally sensitive to price due to low incomes [13] . But exports are also often targeted at species which are not traditionally consumed (such as sea cucumbers and sea urchins in most non-Asian countries, e.g. Zanzibar, Galápagos and Maine cases), or species which become accessible through new technologies and therefore do not have a traditional local market [50] . In such cases local food security may be virtually unaffected, while effects are more likely to relate to exploitation rates and effects on stocks and the local environment, either through collateral habitat damage or ecological cascades resulting from the removal of the target species, if effective regulations are not in place [51] . Finally, in cases where some level of processing is developed locally export markets can provide new employment opportunities for local residents, but tariff and non-tariff trade barriers, including difficulties in meeting the stringent hygiene and sanitation standards demanded by importing countries, affect the ability of SSF to export their products and introduce large uncertainties in market access over time which have to be dealt with [17, 44] . An illustration of this is Lake Victoria, where stringent hygiene standards imposed by, among others, the EU (EU Directive on Hygiene 91/493/EEC) on fish processed for export resulted in an EU import ban. To rapidly deal with the reduced access plant managers began to sell an increasing proportion of fish frames to fish meal plants to avoid accumulation of frames polluting the processing facility. A side effect of this is the drastically reduced availability of fish frames for local markets and consumers at the same time as demand for the frames have continued to rise [44] .
Type 2: Market competition
The dynamics characterizing the 'Market competition' type are dominated by an inflow of fisheries products into the local SSF through international trade, creating competitive dynamics. This competition stems from difficulty in differentiating between products of the same species (beyond e.g. the quality of handling), and from the relatively large number of substitutes for any given species and thus lower price elasticities. Although export of locally produced fish may still occur in a Market competition case a dominant influence of import on local social-ecological dynamics is a defining feature. Furthermore, tariffs and other trade barriers certainly are important in determining which commodities are exported and which are imported but the information available in the cases did not allow more in-depth analysis of the role of trade barriers in this dynamic.
Three cases were categorized as 'Market competition', exhibiting a net flow of fish into the system through foreign imports (Alaska salmon, Louisiana shrimp, and Bali sardinella fishery during La Niña periods). The Alaskan and Louisiana fisheries are similar in that they are both dominated by independent owner/operators with relatively small vessels [52, 53] . Both cater to a market that is global in scale where competition for market shares is high and as a result fishers in SSF like the two described here are vulnerable to fierce competition from foreign producers with lower production costs who drive down global prices. In the Louisiana shrimp fishery the competition is primarily from Asian producers (many of which are aquaculture based) with lower production costs [53] , and for Alaskan salmon fishers (who are dependent on the natural fluctuations of the salmon runs) the main competitor is the salmon farming industry which is able to produce a consistent quality of fresh salmon -specified to order by size and cut -at any time during the year and at a low price. Although production on individual salmon farms may be affected by disease, storms, and marine mammal predation, the operation of multiple sites in various countries results in an even and predictable production for the global market in which local SSF are also competing [21] . The Bali sardinella case is slightly different as the fishery was primarily developed for export and initially benefitted from productive local conditions and high global demand. During El Niño seasons this fishery generally experiences a glut while La Niña periods are associated with sardine scarcity. To deal with this fluctuation in supply local processing plants, import frozen sardines and fishmeal bulk from abroad during La Niña periods [54] . Both the imported fish meal and sardines are generally cheaper than the locally caught sardinella and as a result have driven down prices for local fishers and are driving some fishers out of the fishery permanently.
As evident from these cases, impacts of this competition are both direct through commodity flows and more indirect, largely through effects on fish prices as well as labor costs and employment. Fisheries actors in the three cases representing this interaction type (Table 1) all share the experience of dealing with fierce competition from foreign suppliers. This influences the profitability of fisheries operations for small-scale actors through a costprice crunch phenomenon [53] squeezing fishers, processors and small traders out of business and undermining fishing as a livelihood option. In Alaska fishers have responded by diversifying their livelihoods or even retiring from the industry.
While not observed in the cases reviewed for this study, others have noted situations where fish imports can also benefit poorer local consumers by stabilizing or reducing fish prices [2, 5] . Bell et al. [20] also outline how, in countries in which small-scale fishing is not historically abundant, increased imports of fish coupled with investments in fish processing by foreign interests to supply foreign markets can simultaneously improve food availability locally through spill-over into local markets. Such benefits are even more likely if government programs in the processing country have policies that specifically aim to redirect some fish products from export to local markets. Fish imports may thus at times result in increased employment opportunities for local processors and distributors and increased food availability but can simultaneously negatively affect local fishers who receive lower prices for their catch depending on the price elasticity of the species in focus [13] . This indicates the potentially significant role of foreign investment, and the interplay between such investments, imports and government policies, in determining outcomes related to the 'Market competition' dynamics. But it also shows that a sharp line between the 'Market import' and 'Market spillover' may at times be hard to draw. 
Type 3: Market spillover
While export and import of fisheries resources are obvious ways in which SSF connect to global seafood markets, the third type proposed -'Market spillover' -deals with a dynamic not always evident at first glance. This type is characterized by situations where SSF dynamics are not driven directly by export or import of seafood from a particular fishery, but through spillover effects from another fishery, in turn connected to global trade [55] . As noted by Liu et al. [56, 57] this type of spillover effect has often been neglected in attempts to understand globalization effects and social and environmental interlinkages between different geographic regions, through for example trade. Yet the implications of spillover dynamics for SSF can be significant and thus deserves its own treatment. Spill-over is often conceived as a positive sideeffect on other economic sectors [58] but this paper assumes that the spill-over effects (sensu Liu et al. 2013 ) can be both positive and negative depending on the sector in focus.
'Market spillover' is observed in a number of the cases reviewed (Table 1 ) and can be categorized into two broadly distinguishable categories based on primary spillover effects on the SSF in focus; i) effects on existing small-scale fisheries operations directly and ii) effects on SSF dynamics through introduction of new technology or fishing practices.
The first category is exemplified here by the case of Ghanaian trash fish fishery. In this case many small-scale fishers have virtually stopped 'seek and capture' fishing in favor of trading with industrial trawlers for their 'trash fish' bycatch. The fish is transferred at sea to small canoes for onward sale on land. This reduces wastage of by-catch and has provided an important supply of fish to local markets as well as improved nutritional status and food security, especially in inland areas [59] . A downside of these operations, however, is the observed competition experienced by the small-scale fishers who perceive trawlers to be a threat to the environment and their livelihood [60] as well as habitat damage and direct conflicts over fishing areas. Similar conflicts over fisheries resources are evident in Indonesia between local coastal tuna boats and foreign (mainly Philippine) tuna vessels [61] and in the Indian Ocean where Chinese tuna vessels reduce fish available for local fishers and lower the prices of canning-grade albacore tuna to the detriment of fishers in neighboring states [62, 63] . It is evident from these examples that the knock-on effects of a related fishery being connected to export markets can be the competition that is often created by fleets exploiting this market opportunity and those catering to a more local (even subsistence) market.
Evidence of the second category is found in Papua New Guinea (PNG), where spillover effect consists of impacts on the local fishery and marketing system through the introduction of an industrial fishery and associated establishment of local processing plants that process tuna for export. In PNG government policy has been to capture value from tuna resources by shifting from 'first' to 'second'-generation access agreements where the national fisheries agency offers foreign fishing firms favorable tuna fishing terms (e.g. no access fee and long-term fishing security) in exchange for onshore investments in tuna processing plants [64] . Although aimed at creating jobs and economic development opportunities for the benefit of PNG, underspecified government interpretations of what constitutes development and follow-up assessments, as well as exploitative behavior observed among firms involved in the access agreements have led to secondary, spillover, effects on local SSF. These include squeezing out of local fishers and fish markets, thus changing livelihood and marketing opportunities for local fishers. Though it is difficult to quantify ecological change in this sector, local actors argue that industrial fishing is reducing the tuna resource base and that industrial fishing and processing activities are also harming nearshore reef fisheries [64] . Further knock-on effects with largely social implications for the local communities include the growing prostitution linked to the tuna boats associated with the processing plants.
The dynamic associated with the introduction of new fishing practices is also evident in the live reef fish fisheries of Philippines, Indonesia, and Malaysia. These cases illustrate how new extractive technologies are initially introduced at a larger industrial scale through the interplay between export market opportunities and foreign investment (described under 'Market export') [47] , but over time these practices are adopted at the scale of the SSF with subsequent effects on social dynamics (e.g. credit arrangement between fishers and traders) and ecological conditions [65] .
In summary, the fisheries falling within the 'Market spillover' type are all characterized by having their internal social-ecological dynamics altered indirectly by spillover effects from another fishery which is connected to international trade. The cases examined here suggest that seafood export in the fishery from which spillover is generated is a key characteristic of this dynamic, in combination with foreign investments fueling this export through investment in extractive technology and processing, similar to what has been described under 'Market export'.
Discussion
This typology of interaction dynamics between global seafood trade and SSF centers on how SSF interact with global seafood trade. By focusing on a set of key features of international trade (import/export dynamics, foreign investment, and trade barriers and market access) and analyzing how these give rise to specific patterns of interaction between SSF and international seafood trade this paper suggests it can serve as a simple heuristic to capture essential dynamics of SSF connecting to global markets. To exemplify its use one could, very simplified, note that 'Market export' dynamics suggests a likelihood of increasing prices and an increased effort with possible negative consequences for stocks depending on the state and enforcement of property rights and fisheries management effectiveness [15] , while 'Market competition' suggests the opposite should happen as people are outcompeted and leave the fishery in the absence of mitigating factors that lower costs, such as subsidies, rapid technological progress, or increased investment in more cost-competitive vessels. Cases exhibiting 'Market spill-over', on the other hand, are prone to experience negative spill-over effects of collateral ecosystem damage and declining stocks from industrial operations, but other both positive and negative social and economic effects are observed depending on context.
It is important to recognize that the trade features used as an analytical lens for examination of cases are deduced from a review of relevant trade theory and fisheries literature, while the typology is inductively derived from this analysis. As such trade features do not map on to the three types in a one-to-one relationship, but each type is the outcome of a combination of trade features interacting. This may explain why trade barriers and market access does not feature prominently in the proposed typology, even though recent trade models suggest they do play a role in determining which actors gain access to international markets [30, 32, 66] and analysis shows trade barriers to be critical in determining trade patterns at a more aggregate scale [27] .
The typology of international trade-SSF interactions proposed highlights that many small scale fisheries are now global players. As such institutions in place to govern SSF must acknowledge that many of the drivers and dynamics that determine local level outcomes occur at scales beyond the local production system itself. This is hard since the cross-scale dynamics are difficult to understand and foresee the effects of, but also because the time frames of governance and markets are often not well aligned [2] . Felixson et al. [67] aptly illustrate this complexity by showing how New England fishers' income was affected by subsidized Canadian imports. However, the measures to counterbalance this through trade tariffs threatened to drive up fisher incomes which would lead local fishers to fish harder to earn even more, eventually reducing stocks to potentially unsustainable levels if sufficient regulation is not in place. This demonstrates how interactions between trade measures and local fisheries dynamics (social, economic, and environmental) can create feedback dynamics that are both difficult to anticipate and analyze in simple terms. Hence, resource managers and fisheries governance actors face new and distinct challenges in trying to account for global trade dynamics in current fisheries governance systems. The typology presented here does not provide a template for how to do this but can provide a heuristic to guide evaluation of the type of dynamics influencing a particular SSF and hence an indication of some of the potential outcomes to be expected. Understanding trade-SSF interactions is unlikely to provide a singular solution but can help in identifying dynamics which underpin the creation of winners and losers from market connections and assess the complexity of trade policies to address this [24] . The example from New England above also highlights the interplay between trade and subsidies [68, 69] which is a vast topic not dealt with here. How it interacts with the typology is an area that should be further explored.
Certification is often held up as a way to address negative impacts of trade in local systems. However, the dynamics captured in each of the types outlined above highlight that this may only hold true under certain conditions. For example, under 'Market export' dynamics certification schemes may be a useful option to steer the development towards more socially and environmentally sustainable trajectories by connecting globally distributed consumers to local source fisheries and using supply chain structures to promote sustainable practices through product specification. For 'Market spill-over' cases certification could have similar beneficial impacts if schemes were designed to explicitly take account of negative spill-over effects. However, under 'Market competition' dynamics certification may not automatically be beneficial or economically feasible for local producers unless schemes can be designed so as to ensure price premium for small marginalized actors, possibly preventing them from 'racing to the bottom' through ever increasing effort and destructive fishing methods. An more nuanced understanding of the different types of interactions between international seafood trade and SSF should aid in the development of certification strategies which can be targeted to incentivize continual improvement of SSF [70, 71] .
The three types of SSF-trade dynamics appear to result in multiple and diverse outcomes. In other words there is not a singular outcome associated with a particular type. Nonetheless, some broad patterns can be discerned. For example, 'Market export' and 'Market spillover' appear to be strongly associated with unsustainable exploitation, environmental degradation and commonly also conflicts around the fisheries resource. In 'Market export' cases it was more common to also observe high levels of debt among fishers (e.g. live reef fish cases, sea cucumber fisheries in Galapagos and Zanzibar, but also lobster fisheries in Maine and Belize), and in some situations also indications of wealth accumulation among trade actors rather than in the capture sector (e.g. Lake Victoria, LRFT in Indonesia and Philippines, and Zanzibar sea cucumber fishery) c.f. [72] . These patterns of fisher debt and trader wealth are sure linked but the complex dynamic of this interrelationship is beyond the scope of this analysis and has been explored in more detail elsewhere e.g. [73] [74] [75] . At a general level economic returns to fishers and other market actors in these cases therefore varies depending on the particular market structure and wealth capture dynamic of the case. But while economic returns may differ across the value chain in 'Market export' cases, a more general trend is towards increased employment opportunities as well as rising local prices for the export commodities in focus. This contrasts starkly with 'Market competition' cases which generally exhibited increasing competition between domestic and foreign produced products, falling local prices of the imported commodity with negative effects on economic returns to (primarily) fishers and loss of income and employment opportunities as a result (Alaskan salmon, Louisiana shrimp, and Bali sardinella).
Thus broadly distinguishable patterns of effects can be identified across the various types presented here. However, the scope of this paper does not allow us to address the drivers influencing this diversity in outcomes -that is the underlying factors likely to affect how SSF trade dynamics examined here translate into local social-ecological outcomes, such as institutional capacities, vulnerabilities of species targeted, characteristics of the market and the demand driving the trade, etc. [2, 46] . For a more in-depth treatment of this topic see Crona et al. [3] . However, some interesting patterns emerge from the limited sample in this paper, which may warrant further attention. First, it is noteworthy that two of the three cases of 'Market competition' occur in the USA. This may be expected given knowledge of the higher labor and production costs of developed country fisheries but the Bali Sardinella examples also shows that writing market competition off as largely developed country issue may be too simplistic. Large amounts of seafood are traded from developing to developed countries [76] but a significant amount is also imported to developing countries as processed products (e.g. canned sardines). In cases where this import directly interferes with market preferences and thus price of locally sourced fish 'Market competition' is potentially also a developing country phenomenon. Another factor driving the 'Market competition' is the fact that both Alaskan salmon and Louisiana shrimps are wild capture commodities which are under increasing competition from aquaculture production. Second, half of the cases exhibiting 'Market export' dynamics are high value invertebrate fisheries. Data presented here does not allow more than speculation about the reasons for this, but the fact that most of these fisheries, as well as the live reef fish fisheries also in this category, cater to exclusive niche markets suggests the strong economic incentive provided by exploiting a high value market segment may be driving these dynamics.
The typology as proposed here has scope for refinement. For one, some cases exhibit overlap in membership in the three types depending on when in the historical development of the fishery one focuses the attention. In addition, the three types of dynamics comprising the typology also mutually influence each other. For example, in the Pacific, small-scale longliners compete on the global tuna market with large-scale Asian longliners (Market competition). At the same time the spill-over effect of declining stocks resulting from Asian longline catches (Market spill-over) thus co-occurs with direct competition between these actors on the export market [62] . The analysis and emerging typology presented should therefore be seen as a first step towards uncovering the diversity of ways in which globalized markets interact with SSF. In the same way that international trade was originally understood in oversimplified terms of merely competitive advantage, so researchers and policy actors concerned with SSF risk a homogenous and oversimplified understanding of the implications of trade [4] . There is an urgent need to understand the diverse mechanisms behind effects of global trade on SSF and the typology proposed here offers a first overview of some of the key dynamics at play.
More work is needed to further uncover finer nuances, such as the implications of trade under varying product types (e.g. fresh versus processed products or lower-valued versus high fish), different destination markets, and varying institutional arrangements. While case selection for this paper was preceded by an extensive search (see Appendix A) the selection process may have missed cases leading to the exclusion of potentially important dynamics thus not captured here. The rapid growth of aquaculture also introduces further complexity in how SSF are affected by trade as farming activities are linked to fisheries and fisheries resources in multiple ways [8, 77, 78] . Furthermore, from a policy perspective there is a need to investigate how these different dynamics result in outcomes for livelihoods, food security, environmental sustainability, and economic performance in various contexts. Political economists will also be interested in who the winners and losers from international trade are at the local level and how benefits from this trade are distributed (across the harvesting sector, supply chain, and within households). Finally a better grasp of how incentives, institutions and policy instruments such as certification, trade agreements, foreign direct investment, aid and development interact with trade dynamics is imperative to be able to promote policies that align goals of poverty alleviation, food security, employment and environmental sustainability in small-scale fisheries in the long run.
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